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We exploit the Fiirstenberg theory, cf. [2], to derive an explicit version of the law 
of large numbers for the matrix groups mentioned above: 
Recall that if {Xn} is a sequence of i.i.d, random variables with values in the 
multiplicative group ~+ then the law of large numbers gives 
1 
-- log X . .  • • X, ~ E( log X.) .  
n 
The function log is characterized up to constant multiples by the equation log st = 
log s + log t and continuity. In the noncommutative situation of the above groups 
the analogous equation gives 
fK f(g,kg2) =f(g , )  +f(g2) (*) dk 
where K is maximal compact subgroup of the given matrix group and dk is 
normalized Haar measure, cf. [2]. We compute the (unique up to scalars) solution 
of (*) for the above groups. This allows us to exhibit interesting connections with 
the L6vy-Khintchin Formula. Moreover, we are able to answer a question posed 
by Gangolli in [3] in a constructive fashion. 
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Tomoichi Nakata, Chukyo University, Nagoya, Japan 
n Let X, X~, X2 . . . .  be i.i.d.r.v, with zero mean and unit variance, let S, = Zj=~ X3, 
and 4~(x)= (2¢r) -1/2 exp(-x2/2).  Assume E(X2k+2)~oo for integer k~>0, let /z j= 
E (X0 for 1 ~ j  ~ 2k + 2, define/d~2k+3 , arbitrarily, and define cumulants Kj (1 ~ j  < o0), 
polynomials P; and % leading term function kL,,(x) and its order of magnitude kS,, 
kLn(x )  = nE  d ) (x -X /n  1/2) - ~)(x) - ~. (-X/nl/2)~4)(~)(x)/j! 
j= l  
+ 1~2k+3n-(2k+l)/2~(2k+3)(X)/(2k + 3)!, 
k,S. = n kElX2k+2I(IXl > n~/~)}+ n-~k+~E{X2k+H(IXl <~n'/2)} 
+ n-~2k+')/2[E{x2k+3I(iX[ ~ n'/2)}-- ~2k+31. 
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Theorem 1. Assume E(X  2k+2) < oo for an integer k>~ O. Let Sn/n 1/2 have for some n 
a bounded density p. (x) .  Then 
2k+l  
sup ( l+lx l2k+2) lp . (x) -4) (x)  - Y~ oen-J/Z-kL.(x)[ 
- -oo<x<oo j= l  
= O(n-1/2k(~n q_ 2 k(~n-  1- n-(k+l)). 
Theorem 2. Assume E(X  2k÷2) <o0, and let E = (0, e) or ( -e ,  0). Then 
l iminf suplkg.(x) l /k~. ,  l iminf IkLo(x)l p dx /k~,  
n~oo Ixl<~e n~oo I. dE  
are strictly positive for any e > 0 and p >i 1, and for a constant C > 0 depending only 
on k, sup . . . . . .  (1 + x=k÷=)lkt~(x)l < Eke.. 
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A Limit Theorem for Two-Dimensional Random Walk Conditioned to Stay in a Cone 
Michio Shimura, University of  Tsukuba, Ibaraki, Japan 
Let Xo= O, X~, ) (2 , . . . ,  be a two-dimensional random walk with stationary 
independent increments which satisfies 
E(X1)=O and Cov(X~)=(10 ~).  (*) 
Let {X(" ) ( t ) ,0~ < t<~l}, n = 1,2 . . . . .  be the sequence of the normalized random 
walks defined by 
X(n)(t) = n 1/2Xk"k(nt- -k)n-1/2(Xk+l- -Xk ) for k/n<~ t<(k+ l ) /n  
k = 0, 1, 2 , . . . .  Let C[0, 1] denote the space of all R2-valued continuous functions 
on [0, 1] with the topology of  uniform convergence. For an a with 0< a <27r, set 
the cone F(a)  ={r(cos 0, sin 0): r~>0,0~ < O<~a} in R 2. In the paper we prove the 
following: 
Theorem. Assume (*) and P( X1 c F( a ) ) > 0 and P(]XI[ <~ K)  = 1 for some positive 
number K. Then the sequence of  conditional probabilities 
P (X(" )~*[X(" ) ( t )cF (a ) ,O<~Vt<~l ) ,  n=l ,2 , . . . ,  
converges weakly to a conditioned Brownian motion in C[0, 1]. 
